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(54) Title: EXTENDABLE SHAFT 
(54) XHO^ft: *MBStt2/*? h 



(57) Abstract: An extendable shaft 
(5) has an outer shaft (13, 13A, 13B, 
13C, 13D) and an inner shaft (14, 
14A, 14B, 14C, 14D, 14E, 14F). 
Rolling bodies (15) are elastically 
held between raceway grooves (16, 
17) of the outer shaft and the inner 
shaft by elastic restoring force of 
the outer shaft. An outer peripheral 
surface (141) of the inner shaft 
includes at least a par of flat sections 
(21, 22, 41, 42, 43, 44, 45, 46) 
that are parallel to each other. An 
inner peripheral surface (131) of 
the inner shaft includes at least a 
pair of flat restriction sections (31, 
32, 71, 72, 73, 74) that are parallel 
to each other. Each of the restriction 
sections (31, 32, 71, 72, 73, 74) 
engages with corresponding each 
of the flat sections (21, 22, 41, 42, 
43, 44, 45, 46) to restrict the amount 
of relative rotation of the outer shaft 
and the inner shaft. A deformation 
promotion section (33, 33A, 33B, 
33C, 33D, 33E, 33F, 33G, 33H, 
330) for promoting deformation 
of the outer shaft is provided in 
a predetermined region in the 
circumferential direction of the outer 

shaft. The predetermined region is a region between a plane (CI) and the restriction sections (31, 32, 71, 72, 73, 74), the plane (CI) 
including the curvature center (A2) of the outer shaft raceway groove (16) and the center axis (Al) of the outer shaft. 
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DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, KE, KG, KM, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, 
SC, SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, 
TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 
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y >fmm<vm^mxfoK> , m 2*5 j;tj?h 3 g h<D ^ ® m -e*>^ 0 

[0011] 77^l80-f®»Wl ^rtt^^a5/K9^^$tt-CV nyK9 
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P fc 3tt(D^m$|325 ) 26«rJfc^3|ffl8P29, 30£EWL-Cl^„ 

Ha§P29C0rtffi^, 2V^(cl5ptT^— ^¥ffl§Pd^^«J$P31, 3ia*7#ffc£*b 
TV^, #&f[i!|§B31fcJ\ ^tV^^*J-JS-r5¥ffl§P21^*ffR]bTV^ 0 Dfl|flS30 
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tfSoT, /V15^*tot8ll6, 17<D^Sr*^^B&Jh-r5r.i:dS-eir5o 
[0019] SV^Kl-— ffitBSr^-f-S— tt<D¥®M21, 22SrffiV^©-C, ftfftl4^# 
1 30^Siig^^/> fi^oV vCt>, I*!*|14 WW* 1 3<Dft*J-|Ilfefttf 5*#<&5 £ £ 

Officii!, #^3t^l6^^tt^P^«^J§|531, 32i!(D^^ ^7I^J&t» 
^ttl3^-/V15t^#§^^^^Pi-^^^-e^ 0 ^r^*, SSHKfc) 

[0020] t-tt^ wt^MiRb\sxmj&ift33&m^zto^mf&\zx. mk\3<Dm&*mM 
Ki^m-r^t^x^o 

*Ll\, ~ft£t>1b. tf—/>l5<DW&1>W1ttl3<Df>[&<Dl0 0 A3zffiX$>Z>b, /H 
5^$L^#16, i7icjEEjft^5l^**5-?rtbdsa>«o /H5©ilCS^*l|l 
3<DfV&<D40%&m7t.Z>b, *Wtil3&*Mbt3:*)^ Wffi&&i<'*r7hbL,X<Dtpffl1fo5 
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[0022] *7t,#¥ffl§P21, 22bttJ&*rZ>imm31, 32b<DmK*:tl^tl]&)$.£tlZffim 
SldS+g^LV^^-t^BSKSKDAfiO. 01~0. 5mm-efe§r^^)W*bV\ |S& 
resi^o. Olmm^ltlt, ^fflh/^(D^B#^^$IJ$|331, 32^#<*5-^^fe 
So I^T^Sl^o. 5mm^«x.5i, ^!6l3i:P fc ilf4l4i(D+B^-[Hlfei«^ ;< i : 
^-"C. BtWSlSrO. Ol~0. 5mm(Df5fflra^i-^i:^j;«9, *B*H§lteI: 

[0023] *fc, ^||!|13(D^IJ¥^ ^*[|13O^|<D5~15%<Df6ia^^i-5^^^0*b 

3©0^©15%&S;t5i\ ^#13(D^^«bH<^5o ^Mtti3(D^i 
J¥?r^«ii3(D^(D5~i5%(Df5fflra^i-s^t^J;9, ^#i3<£>3§ig£*«L 

oo, ^$6l3^^<L/c 0 $JxJi^ ^#13(D^^30mm-e«#^, ^#1 
3<DfWi3:l. 5~4. 5mm(Df5fflra^$tl,S^^^W*LV\ 
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TO§P210, 210^j££*l/0^o ^^#13A«Z)p^Mffil31^, #¥*&8B2 
10, 210^^^*l-fB]-r^¥±i.§l5310 ) 310/^$c£*bTV^ o #¥*&8B310<D 

[0027] ^mi3A(D^^mBAl^XXJ^Wl^mi6(D&m^^A2^WmClb 

3A, 33B^ ^#13A(DM*-fB]^8tPibT^$tb-CV^ 0 — *f<£>@E& 

g|333A, 33B(clj;o-C^^^MbTV^ 0 
*HJfe©7^«8l!:*3V^, ®2©^|fe»^^|^#(D^ffl^^i-6ii:^-e# 

W#13A(D^^J-[Hl^*^^<^-i : ^^v\ 
[0028] ^#13A(D^^#^l^J;rj?#fLM«16(Dft^'P^A2?r^t? 5 FffiCli:, # 
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(DW^^M-r^-^eft^33A, 33B&BttfX&%<DX\ ^fil3A^<9^ 
^r<-e#, ^ttl3A^-/V15(^#$tb5^^^Pi-^^^^-e^§ o ^(D^ 

g|333A, 33B^V^ffi^M(^, ^Wl3A(D^?f^fit^^{Miti-Sri:^-e 

[0029] £fb^, iR^VrCBt^V^T, H5^-TJ;5^ ^%13A(D—M^>^±&310, 3 
lO&ft-iMfrh£)F&m^X&:gfirZ>-b1 t Z.£V)^ ^#13A(DfLM?#16^#J 

#$o— mf&z-t&x^z> 0 ^tu-j;^ m^±LxmK?$—^i5&m>^mi6, 17m 
Kn^Kti^-r^trnx^ 

at^ 1 3ACQ ^ 'Lmbai $o£u&m,m.m i6<D^m^ ^A2£r^ & ^bc 1 ^ 

13A(D^^^P2{i, 30~60S<Dt5B^fc&^/W3;LV\ _hfE(DPF^P2^3 

^<teVM'&KZ%^U<t£%b\^M;'£r&&Z>o *7b, _LtE<Dtp^P2^60 
J»jg;t3^ ra^^{tffli-§^^P^., ^m£R27, 28^{tffl*T ; 5^^ 

30— 60iS»45Ht-^^b7i o _hfE(D^^P2(Dj:i90^LV^ffl^bT«4O~5O 

[0030] ^¥ffiCl^^^®Cl^)^3sVMllJ(DjaftfP33B^(D^(D^^J^i-§ 
, ^#13A(Z)^^«, 30~60^45H^fc§^^^W*bV\ _hfE^cp^^3 

ft?>, iH4^7^^Ca<J&5^V>5^^^fe5 0 ^rT\ _h|E(Ocp^ ^30-60 

SoflfifflKKJeuto ±fB©tp^^©J:«)0*UV^ffli:b-CH:4O~5OflP-e*)5o 
[0031] j&js, IH40||Jg<D^^^*5V>-c. p fc gfii4A^cpS(Dfi N i-jfet>*>^— :/£rffl 
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m\^ 0 ^mmmmxi^ ^mi3Bco^m^^x^icm^^m&ir^ 
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^mmmm^m^x, \Hmi4B^^(Dmt^xh^\ 
[oo32] *fc, &¥-mcitm.m^3i, 32t(Dm(Dmm^Mftir^^mi3B(D^^np2 
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t^Mjw wmm^(DWM.x\ ^mi3Bbftmi4Bb<Dmi#m^w$\~tz>^-btr> 

^iAch^fi\^m\^(D^m<D^(Dm\^m^tz.o 9vmi3c<D&i&<Dmi$\*\ 

x\(DW&U32, 132^, aj?— /V15(Dtz.ft(DlfamniQj)^th^tm^tlX 
V^ 0 ^t^132, 132^3, HiS£ITOl32, l32(Dhbhb<DR^ftmm^X& 
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3^fr«^*j-j£LT, IS P 191^j^T^b\z.t^ 0 Z.(Dm&, MWkt£lri% 
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2<Dtt<D*pi£M43, 44b, mttfairZ>%$3<Dtt(D¥-mM45, 46^^LTV^ 0 ft 
*6l4D(D^Mffil41^{*, P fc 3«I14DC08lfffitt J '^^A/-e*J-fR]i-§— *t©*/iaEfl|l 
7^^$ttTV^ 0 5pfflSP41*5j;TJ«5pfflS|J43tt, ¥ffi_hi-Sag$tb, ¥ffl$B 
4lWfflSP43©|ffll2:, — ^(DfLatSll7^Eg$^-cV>5o TO$|342*d £U? 

5pfflS544ttlRl— 5piB_b^Ee$^ ¥±-B.tR42^TOf|544^ora^. fiil^^M 
Stt7tfSEg£*VTV3o 

[0036] ^mi3D<Dftmmi3Ua-i, fttoi4D<DWMmi7b*ti^titt\ft'tZ>—tt(DWi 
m.mi6b. spffl*P41, 42, 43, 44^^rtb-€tL|5t^^Pi-CT>P)-[^i-§MlJ^71, 72 
, 73, 74£#7&£$*vrv^ 0 ^«H3DFi,S^lRl^^W*r5^©UJ^O^ 
ffi§&53, 54Sr*L-C*5«9, €-^ffig&53, 54<D ftffl fc^££;ft^ MlHH£«fcoT J We 
^JS-T5*llatflll635S^$tbTV ^ c 

[0037] *7b, *Mttl3D{3\ SV^^I"^ *fC>*j-[B]g|S75, 76^#bTV^ 0 — 

[o]^75, 76fcJ\ rtttl4DO^±a$|545, 46^ -^W, *HrJLTV^ 0 — *f<D*f 
fB]fP75, 76©»fffiW:. ^Wl3D(D^^^Al^^^^-r§Rm^^bTV^ 0 
^Mttl 3D<D tfJ ifrfcMftAl *3«t WW 1 3D(£>##LiIfl|l 6<D ft ^ *P foA2$r&tt¥m 

cit, ^m«i6^tv^etvpiM-r§^j§i57i, 72, 73, 74^^^, ^n^fi 

, »^BfP^b-C(Z)jSftfP330^^$tL-CV^ o Jgft|f|J330r±, *Mttl3D<£>fl* 

[0038] ^#13D^,^ttl3D(DM^fB]^llbT, _LfB— MCOM\^i^75, 76<Z)^{-IE® 
$tb«— *f©«b^SP77, 78^A/-CV^ 0 — #<D^gB77(DrtM®fc, ^ ^"^fl 
itS*17fc. -^m$IJ§P71, 73^S^$tbTV^ 0 — *f(D^JSP71, 73©KlC 

M^16^, — >?j-(Z)MT|jlJgR72, 74^dS^$tbTV^„ — *f<D^JgP72, 740^^ 
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[0039] m5tm6.aft§|3330.»§l371~74*5j;WfR]§|375, 76<D*:ti^ti<DmtZ, 

^#13D<D^^#aA1^4 J ^^i-§RM^^i-^(0^|^§P75 > 76t£ 
*U ^!6l3D(DM*"f^^PbTJSV^^$^TV^ 0 Lfc/^oT, *Mttl3D0>HI 

[0040] ^WlCtt. #*flRl*P75, 76<D^tb^tt^>y-JS't-5x^#13D(DttJiL^P3tt, 

&lloa^T£Ufc<Dtt, a#SR77, 78(c, «atflll6^ft!l*f|J71~74SrE«i-« 

[0041] *5b\ ^Mttl3D(z:*3V>T, ^ttl3D©^^ttj|M.lfeJ:tJ^*latl»16©ft*tfj 
^A23r^t?¥ffiCl^ #fLMSI16^^rtb j etT/P^-r5^J§P71, 72, 73, 74£ 
<Dffl(Dm$ttZ.ttI&1r^ ^#13D(Ocp^P4«, 15S~25flP©$fiBB^tfrV^5 
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_h3z&(D«J:5f£, feCtb*^#<^-e^^R5!R^>Pf[B]§P75, 76£r, 
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WO 2006/030777 



12 



PCT/JP2005/016831 



[0043] #cvvc\ mio\tt^m<D&b\z.m<D%m<D : f&w&^x\^ 0 mio&mmLsX, 



bfr?m&w:e>mm&tei'L'X^z> 0 

fe^rtlil4F(D^Cf9^S^ H9(D^ii(D^li(Dcp^P fc 3#14D(D5^Si:^l^ 
[0045] ^JfecD^^tUi, P fc 3ttl4F(D^C<95^^fii^booKi{b ; SrEI^^^^-e 

[0046] £fc, _b|E#IIJfeOB«|^*3V>T, «^«P£bT, igi3i;^rj;5^ 



, L2a* x g|9(Dmg<Z)^^(D5p±J.$|545, 46(D^g^+B^-r§ 0 



WO 2006/030777 



13 



PCT/JP2005/016831 



[0047] *7b, ±m&$m<Di&mz3s^x, ftm&xxfftm&'pt^tb—ttpv&m^ 
?v^yyT^mxfttmi-%~bm^jfctj$:±if, ^^^m<n^x^^t^ ^ 

[0048] J^_h, ^BJ^*f*«J^#^J:«9plfflm0Jbfc^, _h(E©rt^3S#Pb7^^ 

j*<D^mt^<Dmm<Dwmbirz>'<%x$bz> 0 

^mifi«2004^9^ 16 0 ^ 0^S#fFJt^ttJ$tb7b2OO4- 270148-^-^ 

m2m2^i%m£&i/^7htvx<D^m$&i<Dmmmx&% 0 
m3m3^i%m&&i/^7hb\^x<Dtpm$to<Dmmmxfo% 0 

[m9]ig9«, *&m(D&bK%mmM(D&M(Di%mBfei/^7V(Dmmmxfo% 0 



WO 2006/030777 14 PCT/JP2005/016831 

o 
o 



WO 2006/030777 



15 



PCT/JP2005/016831 



m^mm 
b&M®mt<Dm<Dmmx&z 0 



WO 2006/030777 16 PCT/JP2005/016831 

[7] ±m^m<D±mmm^(Dmmmc mm^m^t^xm^m^m^tix\^ 

[10] ±fB^tt«, 

[12] i|El^«|CDMH^»9Htf1^^(D^^#x., 

v^, ft5j<(Df5fflmi0JS^fBm(Z)#ligfr>'^h o 
[13] ±fBrttt*5J;tF±fB^ttOM^^tt^^, ±fBm^#^<Z)±fBifteK}^<« 

W^(Dt5H^iiI^fB<c(D#^Sfr>^ho 



WO 2006/030777 



17 



PCT/JP2005/016831 



[14] ±mmmm^ 0*tt©^©io~4o%©nt&«T^5#— /vsrg-t?, tn^ts 

[15] _hfB^W«^I/¥^, ^#<D^(D5~15%^fc5, M Ji<(Dt5H^14il^fE«c(0 

[16] _hfB^-/v^^{i5~40S^«5H^fcS, M^(D«5H0l4il^fB«o#« 

[19] ±t^m^mn^m^^xn^m(D^^m^^±m^mt±mm^ 

[20] i:fB^te^Jf«tt^« 

[21] _hfB^tt«, 0*tt<D#;frlRi^*ffa-f-5— ^©^flRlSPSrg'*, 

[22] ±|E— ^^^^(D^^^^i-^, ^tt<Dtf ^tt, 70£~110£<£>$5 



WO 2006/030777 



18 



PCT/JP2005/016831 



[23] ±Wffil£<n&&\zttJ&'tZfWb(?> t P'bft^ 15gt~25&(DH6m\Z3bZ>. mM(D 




FIG. 2 



5 



2/9 




4/9 




5/9 




6/9 




7/9 

WO 2006/030777 PCT/JP2005/016831 



[010] 




8/9 



WO 2006/030777 PCT/JP2005/016831 

mm 





9/9 

WO 2006/030777 PCT/JP2005/016831 



[013] 




INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 
F16D3/06 (20 06 . 01) 



International application No. 

PCT/JP2005/016831 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimnm documentation searched (classification system followed by classification symbols) 
F16D3/06 {2006 . 01) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1922-1996 Jitsuyo Shinan Toroku Kbho 1996-2005 

Kokai Jitsuyo Shinan Kbho 1971-2005 Toroku Jitsuyo Shinan Kbho 1994-2005 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 3513340 Al (Daimler-Benz AG.), 
23 October, 1986 (23.10.86), 
Fig . 1 

(Family: none) 

Microfilm of the specification and drawings 
annexed to the request of Japanese Utility- 
Model Application No. 123744/1989 (Laid-open 
No. 62230/1991) 
(Fuji Kiko Co., Ltd.), 
18 June, 1991 (18.06.91), 
Figs. 3 to 4 
& EP 425238 Al 



1-23 



1-23 



I I Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



"E" 



"O" 



Special categories of cited documents: "f" 
document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international "X" 
filing date 

document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other «y" 

special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later than 

the priority date claimed "&" 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
12 December, 2005 (12.12.05) 


Date of mailing of the international search report 

20 December, 2005 (20.12.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (April 2005) 







HKSfct|fSS#-§- PCT/JP 2 0 0 5/0 1 6 8 3 1 


A. &W<nmTZft&<v&&. (S 


HSWtMHS (IPC) ) 




IntCl. F16D3/06 (2006.01) 






b. m&&ftotcfrm 




F^ffl (IPC) ) 




^■d- F16D3/06 (2006. 01) 







1922-1996^ 
1971-2005^ 
1996-200 5# 
19 9 4-2005^ 



c. 



DE 3513340 Al (Daimler-Benz AG) 1986.10.23, 

h *mnm%rm&m&m 1-123744 ( 0 ^m^^M^mmm^m 
3-62230 (Dmmi^M^fcmmmR^m^co^m^MBv±^4 

>VJ* (S±llt^#!i) ,1991.06.18, 
|3-4| & EP 4 2 5 2 3 8 Al 



1-23 



1-23 



Taj *!J:BBiE©*)5AikT?»±!te<, — «WSW*PS:*-f 
few 

b^u< fciwtr a fc*> til JBi- 



ttj Hi^ttHS0Xtt^0^{-^^^fcS:fitT'fcot: 

<r>Wfr<o fc * 1- 5 1 Jfl i" 5 fe o 
rxj WfcH3t©S>5itKT?fcoT, *1**lR©*"t?3SM 

tyj #(cnacofo5Xic-efeoT, ai^tttftiiw uy. 

i o TiKWfeW ft v *h fe n 

r&j id— ^ryF7r 5 2J — 



HE3:3teT L-fcB 



12. 12. 2005 



20. 1 2. 2005 



B*WWW-(1SA/IP) 
S!{M#-§- 100-8915 



*fg#-§- 03-3581-1101 



3 J 



8 7 16 



ftfft 3 3 2 8 



«SPCT/ISA/2 10 (12^-^) (2 0 0 5^4 J) 



